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Abstract
ORAL LOCALIZATION OF SCARDOVIA WIGGSIAE

By

Graydon Carr

Dr. Karl Kingsley, Examination Committee Chair
Professor of Biomedical Sciences
Director of Student Research
University of Nevada, Las Vegas
School of Dental Medicine

Early childhood caries is one of the most prevalent diseases in the United States among children.
The formation of caries is a complex, multifactorial process that is still being studied.
Researchers have thought for years that Streptococcus mutans was the primary causative agent of
early childhood caries. The recent discovery of a novel cariogenic pathogen, Scardovia wiggsiae
and its significant contribution to the etiology of early childhood caries has led oral health
researchers to re-evaluate this microorganism and its link to this disease. While there have been
several projects undertaken within the University of Nevada, Las Vegas School of Dental
Medicine (UNLV SDM), the majority of them have analyzed the overall prevalence in saliva
amongst different categories of our clinic population.

iii

To date, no studies at UNLV SDM have sought to determine the precise location of S. wiggsiae
in the oral cavity amongst those patients harboring this bacterium. The purpose of this study was
to determine where in the oral cavity, if any, S. wiggiae primarily resides. This may shed light on
the best prophylactic means of reducing the risk for S. wiggiae induced ECC. Sample collection
during this study was performed using paper points in multiple sites within the oral cavity,
evaluating both hard and soft tissues. A DNA quality and quantitative evaluation was also
performed on all samples collected, to determine the efficacy of paper point sample collection in
our dental clinic in hopes to pave way for this technique to be used in future studies within the
UNLV SDM.
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Chapter 1: Introduction
Background and Significance
Early childhood caries (ECC) is considered one of the most prevalent childhood diseases,
affecting children globally. The American Dental Association identifies this disease as a
significant global health issue that should and needs to be investigated further (Tanner, Kent, et
al., 2011). In the United States, prevalence has been shown to be as high as 28%, with a higher
prevalence associated with children of low socio-economic status. The etiology of early
childhood caries includes local bacteria, host susceptibility, and dietary factors. One of the most
common causes of ECC is believed to be S. mutans, that is however, until the bacterium S.
wiggsiae has been shown to have a causative link as well (Chen et al., 2019; Tanner, Kent, et al.,
2011). Determining the full gamut of etiological factors for ECC would provide doctors and
clinicians the best possible means to solving, or at least mitigating, this rampant disease.

S. wiggsiae, originally classified to be an unidentified Bifidobacterium species, is a Grampositive bacillus from the Bifidobacteriales family (Becker et al., 2002). Prior to discovery of S.
wiggsiae, it was thought that S. mutans was the primary pathogen responsible for ECC, however,
recent literature has found S. wiggsiae to be one of the major species detected in children with
ECC. Studies in both animal models and human trials have shown S. wiggsiae cultured in
children suffering from early childhood caries with no presence of S. mutans (Kressirer et al.,
2017; Tanner, Mathney, et al., 2011). In addition, it has been postulated that the combination of
both S. mutans and S. wiggsiae together can increase the susceptibility for caries.
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Understanding the complete cause of dental caries and the pathogenicity of S. wiggsiae can
provide orthodontists and dental professionals insight into how to create a healthy oral
environment for our patients. Within the UNLV School of Dental Medicine (SDM), studies have
been analyzing the prevalence of S. wiggsiae amongst the clinic’s patient population. These
populations have included both pediatric and adult patients, and patients undergoing orthodontic
therapy (BJ, 2015; Milne et al., 2018; Row et al., 2016). Most of these studies, however, test
whole saliva samples leaving the question as to where specifically in the oral cavity S. wiggsiae
resides, unanswered.
The primary focus of this study is to localize and identify the specific regions in the oral cavity
where S. wiggsiae resides. Our hypothesis is that we will find S. wiggsiae isolated to dental
plaque on tooth structure only, and not in the soft tissue or gingival crevicular fluid. Both adult
and child patients with orthodontic appliances will be analyzed.
Research Question
1. Can paper point sampling adequately extract DNA from specific oral sites in patients to
pass DNA purity standards?
o

H0: No, paper point sampling cannot adequately extract DNA from specific oral
sites in patients to pass DNA purity standards

o HA: Yes, paper point sampling can adequately extract DNA from specific oral
sites in patients to pass DNA purity standards
2. Can Scardovia wiggsiae be localized to hard tissue dental plaque in patients undergoing
orthodontic treatment?
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o

H0: No, Scardovia wiggsiae cannot be localized to hard tissue dental plaque in
patients undergoing orthodontic treatment

o HA: Yes, Scardovia wiggsiae can be localized to hard tissue dental plaque in
patients undergoing orthodontic treatment

Approval
The Office for the Protection of Research Subjects (OPRS) and the Institutional Review Board
(IRB) of the University of Nevada, Las Vegas (UNLV) reviewed and approved the original
protocol for collection of saliva and oral samples under “The Prevalence of Oral Microbes in
Saliva from the University of Nevada, Las Vegas – School of Dental Medicine pediatric and
adult clinical population (#1502-506M). Patients provided Informed Consent; Pediatric patients
also provided Pediatric Assent.

Research Design
The primary research design of this study is prospective and experimental. Subjects will be
randomly recruited by members of the UNLV-SDM clinic during their dental visits between
December 2017 to 2018. Informed Consent will be required and conducted onsite. Inclusion
criteria: adolescent subjects will have to be between the ages of eight (8) and seventeen (17), and
adult patients will be from eighteen (18) to sixty-five (65). All subjects must also be currently
undergoing comprehensive orthodontic treatment, with both brackets and/or bands bonded to the
teeth. Exclusion criteria: any subject younger than eight (8) or over the age of sixty-five (65), and
any subject that refuses to participate in the study.
3

Five local samples from each subject will be taken and analyzed from: Buccal mucosae,
supragingival plaque from upper first molar, supragingival plaque from a lower incisor, and the
tongue using paper point sampling. Finally, a whole saliva sample will be also be retrieved for
analysis.
DNA isolation and purity testing were carried out using a DNA extraction kit. PCR screening
analyzed the presence of S. wiggsiae using a Scardovia wiggsiae primer set where results were
reviewed for statistical analysis.
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Abstract
Introduction: More and more evidence has accumulated that suggests salivary sampling may
provide direct analysis or oral conditions and microbial constituents, but may also be useful in the
diagnosis and early detection of other chronic diseases. Although multiple methods of oral
sampling currently exist, some methods are prohibitively expensive or based upon technologies
not ubiquitously available at public health centers or state-funded colleges. This study provides a
comparative analysis of DNA concentrations and quality from five specific oral sites derived using
sterile paper points, including the gingival crevice between the upper central incisors, biofilm of
the upper first molar, lingual incisor, and the dorsum of the tongue for comparison with
unstimulated saliva collection.
Methods: This study analyzed previously collected unstimulated saliva and paper point samples.
In brief, DNA was isolated from each using TRIzol (phenol:chloroform) extraction and DNA
quantification and quality was measured using a NanoDrop spectrophotometer at 260 and 280 nm.
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Results: Analysis of Paper Point (PP) biofilm sampling sites from upper first molar, lower incisor,
and dorsum of the tongue revealed similar average DNA concentrations, ranging between 14,342
ng and 14,402 ng (p=0.9851). Although variations were observed between different patients,
samples from different oral sites within the same patient were strikingly similar, R=0.8355.
Comparison of DNA isolated from fluids, gingival crevicular fluid (GCF) and unstimulated saliva
revealed average DNA concentrations that were similar to the biofilm sampling sites (14,686 ng
and 13,743 ng, respectively), which were not significantly different from one another (p=0.7893).
DNA concentrations ranged considerably between patients (low = 4,410 ng; high = 48,783 ng),
but were most similar with different samples (GCF, saliva) from the same patient (Pearson’s
R=0.6979). In addition, DNA purity measured by A260:A280 nm absorbance did not reveal any
significant difference among sampling sites (range 1.62 – 1.70; p=0.427).
Discussion: Although many methods are available to provide oral sampling, simple and low-cost
methods such as paper point sampling, unstimulated saliva collection and buccal swabs may
represent tools that provide sufficient DNA quality and quantity for molecular screening. In
addition, although heterogeneity between patient samples will always be present – samples from
various oral sites within the same patient may provide roughly equivalent DNA samples for further
screening and molecular analysis.
Keywords: Saliva sampling; paper points; DNA concentration; DNA purity.
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Introduction
More and more evidence has accumulated that suggests salivary sampling may provide direct
analysis of oral conditions and microbial constituents, but may also be useful in the diagnosis
and early detection of other chronic diseases [1,2]. For example, new studies have demonstrated
that significant detectable changes in the subgingival microbial flora in patients with
periodontitis may not only predict prognosis and treatment success, but may also correlate with
and predict systemic changes to type 2 diabetes mellitus or cancer [3-5]. Despite these advances,
there have been relatively few studies comparing site-specific oral sampling with bacterial DNA
yields and other microbial screening outcomes [6].

Although multiple methods of oral sampling currently exist, some methods such as fluorescence
in situ hybridization (FISH) “lab-on-a-chip” or point-of-care (PoC) immunoflow assays are
prohibitively expensive or based upon technologies not ubiquitously available to oral health
researchers at public health centers or state-funded colleges [6,7]. The remaining low-cost and
easily accessible methods for microbial detection (including unstimulated saliva collection,
sterile paper point sampling) have relatively few studies providing both qualitative and
quantitative DNA analysis [8,9]. Quantitative and qualitative comparisons of DNA isolated using
these low-cost and ubiquitous sampling methods may provide valuable analysis to determine if
these methods result in widely varying measures and outcomes [10].

The objective of the current study is to provide a comparative analysis of DNA concentrations
and quality from five specific oral sites derived using sterile paper points, including the gingival
crevice between the upper central incisors, biofilm of the upper first molar and lingual incisor, as
9

well as the dorsum of the tongue. In addition, comparisons can be made with unstimulated saliva,
which was also concurrently collected from each patient at the time of the original sample
collection. This analysis may provide significant insights into the comparative heterogeneity and
sampling outcomes associated with site-specific oral sampling methods.
Methodology
2.1 Study Approval
The Office for the Protection of Research Subjects (OPRS) and the Institutional Review Board
(IRB) of the University of Nevada, Las Vegas (UNLV) reviewed and approved the original
protocol for collection of saliva and oral samples under “The Prevalence of Oral Microbes in
Saliva from the UNLV – School of Dental Medicine pediatric and adult clinical population
(#1502-506M). In brief, patients (and parents or guardians if under 18 years of age) were asked
for voluntary participation. All patients that declined participation were excluded. Any patient
(with consent of parent or guardian if needed) that volunteered to participate was asked to
provide Informed Consent and/or Pediatric Assent for those under 18 years of age. No
remuneration was given to any subject.
2.2 Sample Collection
In brief, all patients were given a sterile saliva collection tube and subsequently asked to provide
up to 5 mL of unstimulated saliva. In addition, sterile paper points were used to acquire samples
from the dorsum of the tongue, buccal surface of the maxillary first molar (tooth #3), lingual
surface of the mandibular central incisor (tooth #25) and the buccal gingival crevice of the
maxillary central incisor (tooth #9), which were each placed in individual sterile collection tubes.
All samples were stored on ice and transferred to a biomedical biosafety level 2 (BSL-2)
laboratory for long-term storage and processing.
10

2.3 DNA Isolation
As previously described, DNA isolation from each of the saliva samples was performed using
the Invitrogen TRIzol reagent, which involves a sequential precipitation of DNA from a single
sample suitable for obtaining polymerase chain reaction (PCR) quality DNA [11,12]. In brief,
100 uL of sterile filtered 1X phosphate buffered saline (PBS) was added to each of the paper
point containing collection tubes and vortexed for 20 seconds to elute any attached bacteria [13].
100 uL of saliva or the 1X PBS-eluted samples was added to 300 uL of TRIzol reagent and
triturated prior to incubation for five minutes at room temperature. To this mixture 200 uL of
chloroform was added and mixed and then incubated for an additional two to three minutes.
The samples were then centrifuged at 4C at 12,000 g or relative centrifugal force (RCF) for 15
minutes. The DNA-containing interphase was transferred to a new sterile microcentrifuge tube
with the addition of 300 uL of 100% ethanol, which was mixed by inverting each sample prior to
incubation for two to three minutes at room temperature. Each sample was then centrifuged for
an additional five minutes at 2,000 g or RCF to pellet the DNA. The ethanol was aspirated, and
each DNA pellet was resuspended in 100 uL of sterile DNA rehydration solution for analysis and
comparison.
2.4 DNA Analysis
The quality and quantity of DNA was assessed by spectrophotometric absorbance readings at
260 and 280 nm (A260:A280) using a NanoDrop spectrophotometer from ThermoFisher. DNA
concentration is generally estimated by this method by measuring A260 nm absorbance,
adjusting this measurement for turbidity at A320 nm) and the dilution factor. High-quality DNA
will have an A260:A280 ratio of approximately 1.7 – 2.0.
2.5 Statistical Analysis
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Statistical differences between DNA concentrations (ng/uL) were measured using two-tailed
Students t-tests, which are appropriate for parametric data [14]. Analysis of DNA concentrations
within the same patient were assessed using Pearson’s correlation or R, which will reveal the
association between different sites within the same patient and are also appropriate for this type
of parametric data.

Results
A total of n=105 patient samples were available for DNA analysis and comparison in this study.
Analysis of the samples collected using paper points (PP) revealed average DNA concentrations
at all three biofilm sampling sites were similar; maxillary first molar (buccal), mandibular
central incisor (lingual), and dorsum of tongue (14,324 ng, 14,402 ng, 14,341 ng, respectively;
p=0.9851). Although the DNA concentration ranged quite significantly between patients (low =
4,065 ng; high = 48, 676 ng), these were most similar among different oral sampling sites within
the same patient (Pearson’s R=0.8355).
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Figure 1. Analysis of Paper Point (PP) biofilm sampling sites. Comparison of DNA isolated from
upper first molar (buccal #3), lower incisor (lingual #25) and dorsum of the tongue revealed similar
DNA concentrations, ranging between 14,342 ng and 14,402 ng, p=0.9851. Although variations
were primarily observed between different patients, samples from different oral sites within the
same patient were strikingly similar, R=0.8355.

Analysis of the samples collected using liquid or aqueous components revealed average DNA
concentrations that were slightly higher among the paper point (PP) samples of gingival
crevicular fluid (GCF) than unstimulated saliva (14,686 ng and 13,743 ng, respectively),
although this was not statistically significant, p=0.7893 (Figure 2). Although DNA
13

concentrations ranged quite significantly between patients (low = 4,410 ng; high = 48,783 ng),
these were most similar with different samples (GCF, saliva) from the same patient (Pearson’s
R=0.6979).

Figure 2. Analysis of Gingival Crevicular Fluid (GCF) and unstimulated saliva sampling.
Comparison of DNA isolated from GCF at the buccal interface of tooth #9 using PP and
unstimulated saliva revealed similar DNA concentrations (14,686 ng and 13,743 ng, respectively),
which were not statistically significant, p=0.7893. DNA concentrations ranged significantly
between patients (low = 4,410 ng; high = 48,783 ng), but were most similar with different samples
(GCF, saliva) from the same patient (Pearson’s R=0.6979).
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To determine if the overall quantity of DNA isolated from any given oral sampling site was
correlated with the overall quality of DNA, absorbance readings at 260 and 280 nm were taken
to provide an estimate of DNA purity (Fig. 3). These data clearly indicate that no statistically
significant relationship between DNA concentration and DNA purity were observed (R=0.2175).
Although a small subset of samples at the very lowest concentrations were found to have slightly
higher DNA purity, the vast majority of samples did not vary significantly in DNA purity, with
average DNA concentrations ranging between 1.62 and 1.70 (p=0.427).

Figure 3. Analysis of DNA quality (A260:A80 nm) compared with DNA quantity (ng/uL). The
comparison of DNA quantity with DNA quality did not reveal any significant association,
R=0.2175. The DNA concentration averages for each oral sampling site were comparable and not
significantly different from one another, ranging between 1.62 and 1.70, p=0.427.
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Discussion
The objective of the current study was to provide a comparative analysis of DNA concentrations
and quality from five specific oral sites derived using sterile paper points, including the gingival
crevice between the upper central incisors, biofilm of the maxillary first molar and mandibular
central incisor, as well as the dorsum of the tongue and unstimulated saliva. The results of this
analysis demonstrated that paper point sampling of biofilm directly from the tooth or tongue
surface revealed strikingly similar average DNA concentrations. This may be among the first
studies to specifically assess these parameters, although some previous work has compared DNA
quantity with various acquisition methods (buccal swab, unstimulated saliva) [15,16].

In addition, these data demonstrated that no significant or specific relationships appeared to exist
between the overall quantity of DNA obtained and the assessment of DNA quality. This may be
another significant finding, as few previous studies have specifically assessed these parameters
when evaluating DNA recovery from various sites within the oral cavity [17,18]. This may
represent an important clinical finding, as many institutions and public health facilities may not
have access to both salivary collection tubes and site-specific sampling tools.

This study does have some inherent limitations, which must also be considered when evaluating
these results. First, there were financial and time constraints on the number of samples that
could be analyzed and screened. This may be a common limitation to many clinical and
epidemiologic studies, but it is hoped that the larger sample size in this study (n=105) may
reduce any bias that could be evident in smaller samples [14]. In addition, not all samples were
collected or processed on the same day – therefore, it is always possible that other factors not
16

directly associated with the parameters measured may have influenced the outcomes. This is also
an inherent risk in any type of biomedical study and every effort was made to ensure that
samples were measured in duplicate or triplicate and all results were averaged to minimize any
potential bias.

Conclusions
Although many methods are available to provide oral sampling, simple and low-cost methods
such as paper point sampling, unstimulated saliva collection and buccal swabs may represent
tools that provide sufficient DNA quality and quantity for molecular screening. In addition,
although heterogeneity between patient samples will always be present – samples from various
oral sites within the same patient may provide roughly equivalent DNA samples for further
screening and molecular analysis.
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Abstract
Introduction: The newly discovered cariogenic pathogen Scardovia wiggsiae has been the
subject of intense scientific interest due to the role it may play in the development or progression
of caries and oral disease. The primary objective of this study was to perform DNA microbial
screening from five specific oral sites, including the gingival crevice between the upper central
incisors, biofilm of the upper first molar and lingual incisor, as well as the dorsum of the tongue
– for comparison with unstimulated saliva. These data may provide significant insights into sitespecific oral locations that harbor S. wiggsiae.
Methods: More than one hundred previously collected clinical samples (n=105) were identified
for inclusion in this study. DNA isolates were screened using a NanoDrop spectrophotometer to
determine overall DNA quantity and quality. Samples with sufficient quality and quantity were
screened for the presence of S. wiggsiae using validated PCR primers.
Results: More than one hundred patient samples (n=105) were identified, which were comprised
of mostly female (57%) versus male (43%) and minority (71%) versus White (29%). The
average DNA concentrations ranged between 13.74 and 14.69 ug/uL, with A260:A280 ratios
ranging between 1.62 – 1.70. Results of molecular screening using S. wiggsiae specific primers
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demonstrated only a small percentage of pooled samples (7.6%) harbored this DNA, which was
highly concentrated among the samples from tooth surfaces (Upper First Molar, Lingual Incisor)
and saliva compared with the gingival crevice and dorsum of the tongue.
Discussion: These data provide novel information regarding specific oral locations, including
tooth surfaces that harbor S. wiggsiae. In addition, these sites also provide new information
regarding oral sites that do not appear to harbor this organism, including the gingival crevice and
dorsum of the tongue. This information may be particularly useful to oral health researchers as
they strive to limit and reduce the cariogenic microbiome among high-risk populations.
Key words: Scardovia wiggsiae, caries, pathogen, screening.
Abbreviations: Severe early childhood caries (SECC), early childhood caries (ECC), Institutional
Review Board (IRB), Office for the Protection of Research Subjects (OPRS), University of
Nevada, Las Vegas (UNLV), School of Dental Medicine (SDM), paper points (PP), phosphate
buffered saline (PBS biosafety level (BSL-2), relative centrifugal force (RCF), melting
temperatures (Tm),
Introduction
The oral microbiome is comprised of a rich and complex network of organisms that play
significant roles in the maintenance of good oral health but also in the development of oral
disease, such as dental caries [1,2]. The newly discovered cariogenic pathogen S. wiggsiae has
been the subject of intense scientific interest due to the role it may play in the development or
progression of caries and oral disease [3,4]. Scardovia was of interest in oral health research for
the significant contributions to severe early childhood caries (SECC), both in the presence and
absence of canonical cariogenic organisms – such as S. mutans [5]. This gram-positive anaerobic
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bacillus is both acidogenic and acid tolerant, which are known to be the most significant
contributing virulence factors towards the development of dental caries [6].
More evidence is now emerging regarding the prevalence and epidemiology of Scardovia
wiggsiae, particularly among children with early childhood caries (ECC) [7,8]. These studies
clearly describe the potential for caries development and pathology among children and
teenagers both in the presence and absence of other clearly defined cariogenic organisms, such as
Streptococcus mutans [9-11]. However, less is known about the prevalence and epidemiology of
this organism among adult populations and populations without significant caries experience
[12,13].
Recent studies from this group have begun to elucidate the prevalence and epidemiology of
Scardovia among both pediatric and adult populations, with and without caries experience [1416]. Although these data have provided evidence of Scardovia in both pediatric and adult
populations with and without caries experience, more detailed epidemiology of this organism
among high-risk groups including Orthodontic patients is continuing [17-19]. Many of these
studies have screened unstimulated saliva using highly specific molecular techniques, but few
studies to date evaluated the presence of this organism at specific sites within the oral cavity
[11,20].
If recommendations are to be made in order to improve oral health and reduce risk for disease
caused by this organism, a more specific oral microbial sampling must be completed to
determine if methods such as flossing (specific to improve gingival health and focused on the
gingival crevice) or brushing (more targeted towards supragingival plaque and biofilm) might be
more effective at disease prevention [13]. The primary objective of this study was to perform
DNA microbial screening from five specific oral sites that were previously derived using sterile
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paper points, including the gingival crevice between the upper central incisors, biofilm of the
upper first molar and lingual incisor, as well as the dorsum of the tongue – for comparison with
unstimulated saliva. These data may provide significant insights into site-specific oral locations
that harbor S. wiggsiae.
Material and Methods
2.1 Human subjects
The original protocol for sample collection was reviewed and approved by the Institutional
Review Board (IRB) in the Office for the Protection of Research Subjects (OPRS) at the
University of Nevada, Las Vegas (UNLV) titled “The Prevalence of Oral Microbes in Saliva
from the University of Nevada, Las Vegas – School of Dental Medicine pediatric and adult
clinical population” (OPRS#1502-506M). Briefly, inclusion criteria were any UNLV School of
Dental Medicine (SDM) clinic patient that agreed to participate. Exclusion criteria were any
UNLV-SDM patient (or parent / guardian of patients under the age of 18 years) that declined to
participate and any person not a patient at a UNLV-SDM clinic. No patients received money or
services in exchange for participation. All patients that volunteered for the original study asked
provided Informed Consent (and Pediatric Assent if under the age of 18 years old).
2.2 Clinical samples
In brief, saliva collection from the original protocol was facilitated using a sterile sample
collection container (50 mL conical centrifuge tube) with patients providing up to 5.0 mL of
unstimulated saliva. During the clinical oral exam, site-specific oral sampling was performed
using sterile paper points (PP) to collect from the gingival crevice between the front incisor
(Tooth 9), the buccal surface of an upper maxillary molar (Tooth 3), the lingual surface of a
mandibular incisor (Tooth 25), as well as the dorsum of the tongue. Each paper point was placed
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into isotonic 1X phosphate buffered saline (PBS) solution and stored on ice prior to transfer to a
biomedical biosafety level (BSL-2) laboratory for analysis. Each patient sample was given a
randomly generated, non-duplicated number for laboratory analysis, which was not linked to any
patient information or other identifying information. Only patient age, sex and ethnicity were
noted for subsequent demographic analysis.
2.3 Sample processing
All clinical samples were processed to isolate DNA using the Invitrogen TRIzol reagent and
protocol, which has been approved to process liquid and viscous clinical samples (blood, semen,
saliva, sputum) to obtain DNA of sufficient quality for polymerase chain reaction (PCR)
screening [14,21]. Briefly, PP samples were vortexed for 20 – 30 seconds to remove any
adsorbent bacteria. The TRIzol reagent was added to 100 uL of the saliva or PP eluted samples
and incubated prior to the addition of chloroform. Samples were then centrifuged at 12,000 g or
relative centrifugal force (RCF) to isolate the nucleic acids (upper aqueous phase) from the solids
and other proteins. Ethanol (100%) was added to each DNA isolate to facilitate precipitations
and pellets were then centrifuged at 2,000 g or RCF and washed with 75% ethanol prior to
resuspension in 100 uL of DNA rehydration solution. Quality and quantity of DNA was
measured using a NanoDrop spectrophotometer at absorbance readings of A260 and A280.
2.4 PCR screening
Molecular screening for the presence of S. wiggsiae was accomplished using PCR with the
following reaction parameters: Initial incubation at 50C x 2 minutes, Denaturation at 95C x 10
minutes, and 30 cycles at the annealing (melting) temperatures (Tm) indicated below using
primers synthesized from Eurofins MWG Operon:
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Positive control
16s rRNA bacterial primer set
Forward 5’-ACG CGT CGA CAG ACT TTG ATC CTG GCT-3’; 27 nt; 56% GC; Tm: 76C
Reverse 5’- GGG ACT ACC AGG GTA TCT AAT-3’; 21 nt; 48%GC; Tm: 62C
16s rRNA Optimal temperature for primer set: Lower temperature – 5C = 58C
Scardovia wiggsiae primer set
Forward 5’- GTG GAC TTT ATG AAT AAG C-3’; 19 nt; 37% GC; Tm: 55C
Reverse 5’- CTA CCG TTA AGC AGT AAG-3’; 18 nt; 44% GC; Tm: 56C
Scardovia wiggsiae Optimal temperature for primer set: Lower temperature – 5C = 50C
Statistical analysis
Analysis of patient demographics were presented as simple descriptive statistics. Any differences
between the study sample and the overall clinic demographics were assessed using Chi Square
( 2), which were appropriate for non-parametric data analysis [22]. Analysis of screening results
are also presented as descriptive statistics.

Results
More than one hundred patient samples (n=105) were identified for inclusion in this analysis
(Table 1). The majority of these samples were originally derived from female patients (57%),
which closely resembled the overall clinic population (60%), p=0.543. The racial and ethnic
composition of the study samples was primarily from non-White minority patients (71.5%),
which reflected the composition of the clinic population (75%), p=0.3556. In addition, roughly
half of the samples were derived from pediatric patients (52%), which was also similar to the
composition of the clinic from which they were derived (57%), p=0.3125.
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Table 1. Demographic analysis of study sample.
Study sample

Clinic population

Statistical analysis

Female
Male

57.1%
42.9%

60.4%
39.6%

χ2=0.375
d.f.=1
p=0.5403

Race / Ethnicity
White
Minority

28.5%
71.5%

24.7%
75.3%

χ2=0.853
d.f.=1
p=0.3556

52.3%

56.7%

χ2=1.020

47.7%

43.3%

d.f.=1
p=0.3125

Sex

Age
Pediatric (<18
years)
Adult (>18 years)

To evaluate whether the DNA isolated from these samples was appropriate for molecular
screening, absorbance readings at A260 and A280 nm were combined to provide estimates of
DNA quantity and quality (Table 2). The average DNA concentration from each of the oral
sampling sites was not significantly different from the average DNA concentration obtained from
whole, unstimulated saliva (13.74 ug/uL), p=0.7892. Although significant ranges in DNA
concentration were observed between different patients, DNA concentrations from different oral
sites within the same patient were not, p=0.6979. Measurement of DNA quality using the
absorbance ratio A260:A280 demonstrated sufficient quality for all samples using the PCR
screening (>1.55), ranging between 1.62 – 1.70.
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Table 2. Analysis of DNA concentration and purity from study sample.
DNA concentration
Saliva (whole)

13.74 ug/uL (ave.)
4.41 – 46.1 ug/uL (range)

DNA quality
(A260:A280)
1.62
1.38 – 2.03

Statistical analysis

Gingival crevice (PP)

14.69 ug/uL (ave.)
4.76 – 48.8 ug/uL (range)

1.70
1.46 – 2.12

Two tailed t-test
p=0.7892

Dorsal tongue (PP)

14.34 ug/uL (ave.)
6.1 – 48.2 ug/uL (range)

1.64
1.37 – 2.11

Two tailed t-test
p=0.8527

Lingual incisor (PP)

14.4 ug/uL (ave.)
4.3 – 48.6 ug/uL (range)

1.67
1.33 – 2.16

Two tailed t-test
p=0.8458

Upper first molar (PP)

14.3 ug/uL (ave.)
4.1 – 48.7 ug/uL (range)

1.69
1.44 – 2.11

Two tailed t-test
p=0.8608

Each sample was then screened using the positive control primers for bacterial DNA, 16S rRNA
(Figure 1). These data demonstrated that all samples screened produced PCR bands with signal
band intensity (SBI) greater than the limit of detection (LOD). Graphical analysis of PCR
screening results demonstrated no specific patterns between 16S rRNA SBI and specific oral
sites could be determined.
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PCR Signal Band Intensity (SBI)

LOD
(Limit of Detection)
16SrRNA screening (Sample ID)

Figure 1. 16S rRNA screening of patient samples. Molecular screening of patient samples using
PCR revealed 16S rRNA expression determined by signal band intensity (SBI) greater than the
limit of detection (LOD) with no specific patterns observed between SBI and specific oral sites.

Due to the low prevalence of Scardovia observed in previous studies [14-19], more efficient
screening was facilitated by pooling DNA isolates from each patient together (PP: Gingival
crevice, PP: Upper first molar, PP: Lingual incisor, PP: Tongue dorsum; Saliva) (Figure 2).
Using an equal volume of DNA from each site, the combined pooled samples were comprised of
approximately 15-20 % of the total sample from each site (Fig. 2A). Screening of the pooled
samples using the S. wiggsiae specific primers revealed only a small percentage of pooled
samples (7.6%) generated positive PCR screening results (Fig. 2B)
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Figure 2. Pooled DNA from clinical samples screened for 16S rRNA. A) Pooling of DNA from
each oral site (15-25%) for each individual patient created an efficient screening process. B)
Results of molecular screening using S. wiggsiae specific primers demonstrated only a small
percentage of pooled samples (7.6%) harbored this DNA.

Each of the corresponding site-specific samples that comprised the Scardovia PCR-positive
pooled samples was then screened separately (Figure 3). This analysis revealed that only the
upper first molar, lingual incisor, and saliva pooled samples were found to harbor S. wiggsiae,
although much stronger signal band intensities were observed among the PP samples from
supragingival plaque or biofilm from tooth surfaces (Upper First Molar, Lingual Incisor) and
saliva.
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Figure 3. PCR screening of site-specific samples from corresponding Scardovia PCR-positive
pooled samples. Each of oral sites from the pooled samples tested harbored S. wiggsiae, with
stronger signal band intensities observed among the PP samples from tooth surfaces (Upper First
Molar, Lingual Incisor) and saliva than the gingival crevice or dorsum of the tongue.

Discussion
The primary objective of this study was to perform DNA microbial screening from five specific
oral sites including the gingival crevice between the upper central incisors, biofilm of the upper
first molar and lingual incisor, as well as the dorsum of the tongue – for comparison with
unstimulated saliva. These data have revealed significant insights into site-specific oral locations
that harbored S. wiggsiae. For example, although previous studies have identified Scardovia
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from caries-specific lesions and from whole saliva – this may be among the first studies to
evaluate and screen for this pathogen from additional oral sites from patients without significant
caries experience [3,5,8].
These data suggest that mandibular and maxillary surfaces from both anterior and posterior sites
may be preferential oral locations, which may be significant as new evidence has now emerged
that has suggested biomaterials and bioactive materials may selectively inhibit the virulence and
modulate the microbial ecology of biofilms that include this organism [23,24]. Combining these
agents with these data regarding oral location may be particularly useful for oral health
researchers interested in selectively placing these agents among high risk populations, such as
children with SECC [1,4,7]. These data may also be useful towards understanding the location
and balance of organisms that comprise the caries microbiome in an effort to improve prevention
and treatment strategies for children and young adults [25,26].
Despite the significance of these findings, some limitations inherent to this type of study should
also be considered when evaluating these results. For instance, this study involved analysis of
saliva samples from a predominantly low-income, minority-serving public dental school clinic
[27-29]. This may suggest this sample set may have a lower health literacy and higher risk for
caries than a random sampling of the overall population. This type of sampling bias could have
influenced the findings and results of this study in ways that are not easy to predict. In addition,
due to financial and other funding constraints, only a limited number of samples could be
collected and analyzed for this project – which may also place some limitations on the overall
generalizability of these results.
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Conclusions
Although this study has some limitations due to the study population and sample size, these data
provide novel information regarding specific oral locations, including tooth surfaces that harbor
S. wiggsiae. In addition, these sites also provide new information regarding oral sites that do not
appear to harbor this organism, including the gingival crevice and dorsum of the tongue. This
information may be particularly useful to oral health researchers as they strive to limit and
reduce the cariogenic microbiome among high-risk populations.
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Chapter 4: Summary and Conclusions
The purpose of this study was to evaluate and define the precise location in the oral
cavity that S. wiggsiae resides. Since this bacterium was so recently discovered, identified and
specified in 2011 by Dr. Anne Tanner, research is limited and needs further exploration. To date
there has been no studies focusing on its specific location in which it primarily resides. The
majority of studies evaluate the prevalence in whole saliva studies. S. wiggsiae‘s strong
correlation to early childhood caries (ECC) opens the door for a new age of microbial research
which can lead to the development of new antimicrobial agents able to target specific organisms
and improving the treatment of ECC.
Chapter 2 of this document served as an important baseline for the following chapter, by
providing a comparative analysis of DNA concentrations and quality from the five specific oral
sites (n=105) using paper point sampling. Many methods to date are available for oral sampling.
At UNLV SDM, and our limited funding and resources, it was essential to evaluate the efficacy
of a simple and low-cost method of sample collection. The results of this study demonstrated that
paper point sampling for sample collection provided sufficient DNA quality and quantity for
molecular screening amongst.
Chapter 3 was a study using the same samples from chapter 2 (n=105) but sought to
reveal significant insights into site-special oral locations harboring S. wiggsiae. Using PCR and
gel electrophoresis for analysis, the results showed that S. wiggsiae primarily resides on the
plaque biofilm on the maxillary and mandibular enamel surfaces. No patients were found to
harbor this bacterium within the gingival crevice, or on the tongue surface.
Conclusions from both chapters 2 and 3 demonstrated that in our patient population few
patients in orthodontic treatment were found to harbor S. wiggsiae, while simultaneously locating
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its location to the bacterial biofilm situated on the enamel surface. Adequate DNA concentration
and quality was established from our samples (n=105) which was demonstrated in chapter 2.
None of our patient samples were of age to be diagnosed as having ECC. All of our patients were
in mixed or permanent dentition at the time of sample collection. This can be explained further
by our clinic population and may be the reason for a low prevalence of S. wiggsiae.
Based on the findings presented throughout this document, both alternative hypotheses
can be accepted in regards to the original proposed research questions.

1. Can paper point sampling adequately extract DNA from specific oral sites in patients to
pass DNA purity standards?
o Alternative (HA) hypothesis: Yes, paper point sampling can adequately extract
DNA from specific oral sites in patients to pass DNA purity standards
2. Can Scardovia wiggsiae be localized to hard tissue dental plaque in patients undergoing
orthodontic treatment?
o Alternative (HA) hypothesis: Yes, Scardovia wiggsiae can be localized to hard
tissue dental plaque in patients undergoing orthodontic treatment

Limitations and Recommendations:
A significant limitation in the two studies presented is the limited number of samples that
could be analyzed and their limited profile. There were both financial and time constraints which
are apparent in an orthodontic residency program. After data collection and during our sample
processing phase of research, there was a power outage at the University of Nevada at Las Vegas
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which affected the research laboratory. During this power outage many research samples were
destroyed and unsalvageable being out of ideal storage conditions for an extended period of time.
Originally samples form 48 patients were collected. This may be a common limitation to many
clinical and epidemiologic studies, but it is hoped that the larger sample size in this study
(n=105) may reduce any bias that could be evident in smaller samples
Not all samples were collected or processed on the same day, therefore it is always
possible that other factors not directly associated with the parameters measured may have
influenced outcomes. This is also an inherent risk in any type of biomedical study and every
effort was made to ensure that samples were measured in duplicate or triplicate and all results
were averaged to minimize any potential bias.
During data collection no temporal information (before and after orthodontic treatment), DMF
indices, or oral hygiene scores were recorded which may have benefited a future study or help
further delineate our results. A follow up study evaluating patient oral health status factors
including gingival index, probing depth, plaque scores, DMF scores, and their correlation to the
prevalence of S. wiggsiae may ultimately help to elucidate the nature of this bacterium.
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